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1 Introduction

In the 2Ist century, the focus of global oil and gas development has shifted from
conventional reservoirs to unconventional reservoirs. As one of the unconventional oil and
gas resources, tight oil has a good development prospect. Xu et al. (2019a) established gas
apparent permeability model based on flow regime in tight sandstone reservoirs by combination
of molecular kinetics, gas transport mechanisms, and apparent permeability. Their study
provides a quick evaluation of gas apparent permeability based on Knudsen number and
pore diameter which is greatly helpful for reservoir evaluation. By analyzing the sedimentary
environment and reservoir-forming conditions of the Carboniferous-Permian in North China,
Kang pointed out that the Carboniferous-Permian in North China is one of the important strata
for improving oil and gas reserves and production in China’s current and future tight oil and gas
fields (Kang, 2020). Through molecular simulation and physical experiment, Xu et al. (2017)
investigated the free gas transport in shale rocks by using the equation of state (EOS) and elastic
hard-sphere (HS) model. Excellent results were obtained concerning the mechanism underlying
the transport of gas in shale rock nanopores. Liao et al. (2011) discussed the petroleum
exploration prospects of the tight reservoirs in the Sichuan Basin from the perspective of
correlation with the Bakken Formation in the Williston Basin of the United States. The study
shows that the Jurassic in central Sichuan is a typical continuous oil accumulation, and puts
forward an effective way to open up a new situation of oil exploration and development in the
Jurassic tight reservoirs in central Sichuan. Wang et al. (2019) considered that Dujiatai oil
reservoir in the fourth member of Shahejie Formation in Leijia area is a favorable exploration
area for tight-shale oil through comprehensive analysis of source-reservoir combination based
on the analysis results of cast thin section and scanning electron microscope, and put forward the
overall development strategy for tight-shale oil. Xu et al. (2019b) raised an better approach to
study gas transport in shale rocks by combining nanoscale pore size distribution (PSD) and gas
filed production. Findings of this study are validated by field test and are helpful to better
understand the relation between a nanoscale PSD and field gas production.

At the same time, there are also some problems to be solved urgently in the process of tight
oil development. Fang et al. (2020) systematically summarized the geological research progress
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of tight oil reservoir formation, and put forward five important
scientific issues in the current tight oil reservoir formation research.
The solution of these problems will be an important supplement to
the study of tight oil geology. Cao et al. (2019) believe that reservoir
study is the core and key to realize efficient exploration and
development of tight oil. Based on the previous research results,
taking the typical tight oil and gas reservoir as an example, through
the systematic study of sedimentary diagenetic integrated
of

classification

combined with the control factors reservoir

the
method of tight oil and gas is formed by using grey correlation

facies,
effectiveness, quantitative evaluation and
analysis. Wang summarized the difficulties of tight oil study and the
research conclusions at home and abroad. Three key scientific issues
that should be paid attention to in the future are pointed out (Wang,
2013). In the process of solving these problems, many solutions are
based on the test and evaluation of reservoir permeability. In fact,
many scholars have done a lot of research on the evaluation of tight
oil formation. Gu et al. (2017) took the samples of Chang 8 tight
sandstone reservoir in Ordos Basin as an example, revealed the
microscopic influence mechanism of tight reservoir permeability on
oil recovery efficiency through imbibition simulation experiment,
combined with nuclear magnetic resonance and CT scanning
analysis. Yan et al. (2021) established a mathematical model for
predicting permeability of tight oil reservoir after fracturing based on
the principle of pressure drop test and fracturing operation curve.
The calculation model can save the cost of well testing operation and
is practical in the actual field. The calculation results provide a
reference for fracturing effect evaluation and productivity prediction
of tight oil reservoirs after fracturing.

In this study, the AutoPore IV 9,500 mercury porosimeter of
Micromeritics Company was used to test the core of a tight oil
reservoir in Changqing oilfield in Northwest China. The
formation buried depth of the core is about 1.658 m, and the
porosity of the core is 8% and the permeability is 0.873 x 10*um*
according to the conventional porosity and permeability test.
This paper first introduces how to obtain the pore distribution
from the original data obtained in the testing process, and then
introduces the method of converting the pore distribution into
the permeability distribution. The distribution data results are
then analyzed thoroughly, and the permeability characteristics of
the reservoir are finally obtained effectively.

2 Methods

2.1 Normalized pore size distribution is
obtained from raw data

Start the AutoPore IV 9,500 to begin the test, and following
the instructions of operation manual. First of all, the injection
volume under different injection pressures can be obtained, as
shown in Table 1, which is also the basic data of this study. The
mercury injection pressure in the table is in the unit of MPa,
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which is converted from the unit of psi, and the actual output unit
of the mercury porosimeter is psi.

Considering that the mercury injection process is a dynamic
equilibrium process, the injection pressure is approximately
equal to the capillary pressure, the corresponding capillary
radius is the pore radius, and the volume of mercury entering
the pore is the pore volume connected by the radius. The
capillary pressure curve can be obtained by continuously
changing the mercury injection pressure, and the calculation
formula is:

20 cos
r =
P,

1

where 7 is the radius of pore, pm; o is the inter-facial tension
between mercury and air, N/m; 6 is the wetting angle between
mercury and rock; P. is the capillary pressure, MPa.

The injection pressure can be converted to the pore radius by
Eq. 1. Combined with the conventional test results, the injection
volume can be converted into the mercury injection saturation.
Furthermore, the relationship curve between pore radius and
mercury injection saturation can be obtained by fitting the data
points of pore radius and mercury injection saturation. In order
to describe the pore radius uniformly, further data processing is
generally carried out from the data points at a fixed radius on the
curve. The frequency occupied by the corresponding pore radius
distribution can be determined by the difference between the
corresponding mercury injection saturation and the previous
mercury injection saturation.

2.2 Contribution rate of permeability is
obtained from pore size distribution.
Numerous attempts have been made to relate the
permeability K to more readily measurable properties, such as
porosity and pore diameters. By combining Darcy’s and
Poiseuille’s laws (Lowell and Shields, 1991), one approach
models the flow of fluids across straight cylindrical channels

and obtains that:

2
k=9

32 2

where ¢ is the porosity and d is the average (mean volume)
diameter of the pores.

Therefore, the permeability contribution rate can be obtained
by using the above relationship in combination with the pore
distribution frequency.

3 Results and discussion

The pore radius distribution and permeability contribution
of the tight oil reservoir core are obtained through the above test
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TABLE 1 Normalized pore size distribution obtained from mercury intrusion experiment.

Data number Injection pressure (MPa)

1 0.006956669
2 0.013628972
3 0.034302192
4 0.05495541

5 0.082470144
6 0.110226546
7 0.137724515
8 0.262885784
9 0.470131868
10 0.674843834
11 1.371782395
12 2.05061414

13 2.738449833
14 4.123927044
15 5.493145541
16 8.254573848
17 11.01890406
18 13.77405879
19 20.66913221
20 27.55143959
21 34.44659887
22 41.3387527

23 48.23660089
24 62.02814521
25 82.71502559
26 103.4011652
27 124.0839843
28 137.8743939
29 172.3747037
30 200.324542

and calculation process. In order to clearly characterize the core
characteristics of the tight oil reservoir, the test calculation results
are plotted on a same graph, as shown in Figure 1.

It can be seen from the figure that the pore radius of the tight oil
core is distributed between 0.0040 pm and 0.2500 um, and the
maximum pore diameter is only 0.2500 pm. From the aspect of
pore size distribution frequency, the pore radius is roughly
distributed in 10 intervals, basically in normal distribution, and the
cumulative mercury saturation is 69.979%. According to the
descending order of the distribution frequency, the maximum
distribution frequency is 12.688%, and the corresponding pore
radius is 0.0630 um. The second is the pore with a radius of
0.0400 pum, with a distribution frequency of 11.012%.

In terms of permeability contribution, the contribution rate of
different pore size ranges is roughly distributed in 10 intervals, ranging
from 0.014% to 45.42%, and the maximum contribution rate can reach
4542%. In terms of the contribution rate, except for the pores with a
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Injected volume (cm?) Pore radius (um)

0 105.654
0.025616731 53.929
0.037158869 21.427
0.038545219 13.374
0.039557548 8.912
0.040077672 6.668
0.040954292 5.337
0.041854065 2.796
0.042939888 1.563
0.043932581 1.089
0.047439426 0.536
0.051134318 0.358
0.055634346 0.268
0.071713403 0.178
0.10704682 0.134
0.19108142 0.089
0.276215225 0.067
0.342722714 0.053
0.422288895 0.036
0.472448587 0.027
0.511679351 0.021
0.54132694 0.018
0.563447595 0.015
0.59502387 0.012
0.620583355 0.009
0.641868114 0.007
0.654816985 0.006
0.661740363 0.005
0.677650742 0.004
0.684846923 0.004

radius of 0.2500 pum, the contribution rate of permeability is basically
positively correlated with the pore radius. For pores of radii not greater
than 0.1600 um, the contribution rate of permeability decreases with
the decrease of pore radius. The distribution frequency of the pores
with a radius of 02500 um is only 1.495%, so its permeability
contribution rate is not the largest, only 14.18%. The pore radii
whose contribution rate to permeability is more than 1% are
distributed from 0.0250 ym to 0.2500 um, and their total
contribution rate to permeability reaches 99.35%. The pore radius
with the largest contribution rate to the permeability is concentrated
between 0.0630 pm and 0.1600 pm, and the total contribution rate to
the permeability reaches 79.53%. The permeability contribution rate of
pores with radius of 0.1600 um is 45.42%, reaching the maximum
contribution rate. In general, the distribution of permeability
contribution rate is not normal.

Moreover, the permeability contribution rate is not completely
consistent with the pore radius distribution. In general, the pore radius
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FIGURE 1
Pore diameter distribution and contribution to permeability.
with the largest permeability contribution rate also belongs to the range correlated with the pore radius. The permeability

with higher distribution frequency, ranging from 7.314% to 12.688%.
However, the pore with radius of 0.1600 um has the largest
contribution rate of permeability, and its distribution frequency is
only 7.314%. The maximum distribution frequency of pore radius is
12.688%, corresponding radius of 0.0630 pm.
Correspondingly, the pore with a radius of 0.0630 um has a
permeability contribution rate of 12.493%, which also does not
provide the maximum permeability contribution rate. Therefore,
although there is a certain correlation between the distribution of
pore radius and the contribution rate of permeability, it is not

to a pore

completely consistent.

4 Conclusion

In this study, AutoPore IV 9,500 mercury porosimeter
was used to test the core of a tight oil reservoir in Changqing
Oilfield. Firstly, the data processing method is introduced,
the
contribution of the tight oil reservoir core are obtained by

and pore radius distribution and permeability
combining with the instrument test data. The pore radii of the
tight oil cores are distributed the of
0.0040 um-0.2500 um, which basically in normal
and the cumulative

69.979%. The
frequency is 12.688%, and the corresponding pore radius

is 0.0630 pum. In terms of permeability contribution, the

in range

is

distribution, mercury injection

saturation is maximum distribution

permeability contribution rate is basically positively
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contribution rate decreases with the decrease of pore
radius, and the distribution of permeability contribution
The with
contribution rate to permeability is concentrated between
0.0630 um and 0.1600 pum, and their total contribution rate to
permeability reaches 79.53%. Among them, the permeability

rate is not normal. pore radius larger

contribution rate of pores with radius of 0.1600 um is
45.42%, the
Moreover, there is a certain correlation between the pore

reaching maximum contribution rate.
radius distribution and the permeability contribution rate,

but it is not completely consistent.
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